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SUMMAHY 
Data important for the design of a rising film evaporator and a 
stripper for a solvent extraction plant for cottonseed oil using 
trichloroethylene as a solvent have heen determined. The hoiling 
points of crude cottonseed oil-trichloroethylene miscellas of differ­
ent composition at various reduced pressures have been determined 
and plotted as smooth curves. Carves of vapor pressure-composition 
relationship at constant tesserature and boiling point-conmosition 
relationship at constant vapor pressure have been plotted from the 
boiling point-vapor pressure curves at constant compositions. 
A modification of the official A. 0. C. S. procedure for the 
laboratory refining of trichloroethylene extracted cottonseed oil, 
which will give firm foots and a lighter oil color at the expense of 
a slight increase of the refining loss, was developed. 
A laboratory rising film evaporator and stripper were set up and 
operated at reduced pressure to remove successfully the trichloroethy­
lene from the cottonseed oil. 
The effect of heat on the trichloroethylene extracted cottonseed 
oil miscella at 110°, 150°» 180°, 210° and 2U0° P. was studied. The 
optimum operating temperature for the processing of trichloroethylene 
extracted cottonseed oil miscella was found to be 150° I*., at which 
toaperature a crude oil was secured from which a prime refined and 
bleached cottonseed oil was produced. A slightly inQ>roved oil color was 
obtained when the miscella was processed at a temperature below 150° P. 
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When miscolla was proceased at 180®, 210° or 2Uo°7., both the refining 
loas and the oil color were increased rapidly as the temperatiare and the 
heating time increased. 
If the trichloroethylene-cottonaeed oil raiacella is to be concen­
trated to 90 percent oil before going to the stripper, it is recommended 
that the rising film evaporator be operated at an absolute pressure of 
1.5 in. Hg. The stripper should be maintained at an absolute pressure 
of 6 to 7 in. Hg. to give a stripping steam having a temperature not 
above 150®r. 
Bleached prime hydraulic pressed cottonseed oil containing 0.00, 
0.01, 0.02, 0.05 and 0,1 percent of the trichloroethylene was hydrogen-
ated, but it was found that the trichloroethylene was poisonous to the 
nickel catalyst during hydrogenation. When 0.02 and 0.05 percent tri­
chloroethylene were added to two samples of crude hydraulic pressed 
cottonseed oil and the oil refined, washed, dried, bleached and hydrogen-
ated, no poisonous effect on the nickel catalyst was found. This was 
due to the fact that the trichloroethylene was removed by the process 
of refining, washing, drying and bleaching. 
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IHTBODUCTION 
Despite the present large consmptlon of fats and oils In Industrial 
products, the greater part of the world's fat production continues to "be 
consumed a« human food. As a food, the position of the oils and fats 
Is dependent upon specific qualities which promise to gain even more 
signlficanco in the future. One of the most important qualities is that 
the fats are the most concentrated source of caloric energy in food. 
They have, per unit of weight, 2.U tines the heat energy of pure starch, 
have no lndigestil)lo residue, and therefore yield much work energy per 
unit (10). 
It is unfortunate that the world does not produce enough oils and 
fata. In I9U9 the shortage was estimated as 1,930,000 metric tons 
(1,900,000 long tons) of which Surope needed 6l0,000 metric tons 
(600,000 long tons), ^Qie world production during this period (lO) was 
estimated at 23,000,000 metric tons of which 13,000,000 tons were of 
vegetable origin and 9,235,000 tons of animal origin. Of vegetable fats, 
1,1+35,000 tons were produced from cottonseed which contributed about 
6.23 percent of world production of fats and oils, or 10.U percent of 
the world vegetable oil production. 
About 35 to UO percent of the world's cottonseed Is produced In the 
United States. There are four methods of extracting cottonseed oil In 
this country: a) hydraulic pressing; b) mechanical screw pressing; c) 
solvent extracting; and d) a combination of mechanical screw pressing 
with gubsequont solvent extracting. At the present time 90 95 percent 
of the cottonaeed oil is produced by hydraulic pressing (2, p. 626). 
Although solvent extraction has been applied to soybeans for a long time, 
it has only recently been applied to cottonseed, using hexane as & solvent 
(lg)(l9)(32)(3U)(35) • Tiio main objection to solvent extraction has 
been that under improper processing conditions the extracted cottonseed 
oil would be very dark and could not be satisfactorily refined by usual 
methods. The main disadvantages of hydraulic pressing are those of high 
labor cost and high residual oil content in the meal. 
Jackson (2S) reported that 32 percent of the processing cost of 
cottonseed crushed by the hydraulic press goes for labor. The residual 
oil which remained in the cottonseed meal produced by four different 
processes were as follows: 
Method of extraction Percent residual 
oil in meal 
Hydraulic press method 6.5 
Ejqjellor U-lf, 5 
Solvent extraction 1.5-2.5 
Expeller-solvent extraction 0,5 
Gurde (18) analyzed and compared the coats per ton of cottonseed 
processed by the hydraulic and extraction method as follows? 
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Smamary of profits per ton cottonseed 
Hydraulic Solvent Solvent 
Press Extraction Extraction 
Average Average 
Mixed Seed Prime Seed 
Value products per ton $76.6U $79*50 $80.75 
Total processing costs/ton seed 76.5^" 7^»73 7^»73 
Net profits per ton $ O.lU $ ^*77 $ 6.02 
Moore (36) presented a paper giving the economic advantage in the 
use of a combination of mechanical acrev; preisaing and solvent extraction 
over hydraulic pressing. The saving is as follows! 
Savings Increased Cost 
Additional oil $5*95 Additional steem $0,165 
Saving in lahor 0,6l power 0.225 
Press cloth 0.30 water 0.01 
Solvent loss 
Gross saving $ 6.86 Total additional $0.56 
Set saving $6,86-0.56 ® $6.30 per ton of cottonseed processed. 
On thts basis of the above two economic analyses, it is reasonable 
to predict that the solvent extraction of cottonseed oil either alone or 
in combination with mechanical screw expression will eventually replacis 
the l:iydraulio press method. However, the selection of the solvent for 
the extraction presents a problem which must be considered. Before draw­
ing any conclusions, a study of the characteristics of cottonseed market­
ing is desirable. In most cases (37)• cottonseed is sold to the ginner 
who accumulates many small purchases which he then sells to the crushing 
mills in truck and car lots. Bue to the bulkiness, 3^ pounds per bushel, 
it is not practical to transport seed for crushing purposes over long 
distanoGS, and a part of the meal usually will lie shipped back for feed­
ing; the animals on the farms. At the present In the United States, the 
cottonseod crushing mills are all located within the cotton-producing 
states and are generally distributed throughout those states. The greater 
part of the cottonseed crushed moves less than 100 miles to the mills. 
Therefore it is preferable to build medium or small-sized plants well-
distributed oyer the country rather than large plants. Since hexane is 
a flnamable and ejcplosive solvent, it is not considered practical for 
small plants (50). At Iowa State College an extraction plant using 
the non-explosive, non-flammable solvent trichloroethylene has been 
developed for soybean oil extraction. IMs plant is small in capacity 
and can be efficiently operated by non-technical personnel. JHirthermore, 
gossypol, which is a toxic substance contained in the cottonseed,is not 
dissolved in the hydrocarbon solvent (7)» and therefore the extracted 
meal cannot be sold directly to the farmer for feed unless the meal is 
detoxicated. On the other hand, the gossypol (7) is of limited solubil­
ity in the chlorinated hydrocarbon, most of the gossypol firom ruptured 
glands being dissolved in the relatively large volume of solvent employed 
for the extraction of the oil. As a resiilt, a gossypol-free meal woald 
be obtained from the trichloroethylene extraction of cottonseed. This 
will be R big advantage over the use of hexane. If trichloroethylene 
extraction of the cottonseed oil could be applied sacceasfully, it would 
have a wide application. 
Since gossypol {2, p. 2lU) is a complex polyphenolic, dicarbonyl 
compound which ia decomposed by heat and easily oxidized even by the 
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mildest oxidizing agent (2, p. 236), many difficulti^is may be expected 
during the processing. Therefore the pxirpoao of this thesis is to find 
out the optimuia prooeaaing conditions, so as to avoid the color fixation 
and to determine how well tricliloroethylene ma,y he applied as a. solvent 
for the extraction of cottonseed oil. 
LITERATURE HEVISW 
The first record of the crushing of cottonseed to obtain oil or 
cake apparently dates "back to the early Hindu writings, in which the 
method of extracting the oil consisted mainly of first pounding the 
seed and then boiling the pounded seed (39)* 
At an early stage of history, in China, the seed was crushed and 
reduced to meal under an edgestone, the meal heated In an open pan, and 
the oil pressed out "by a wedge press, the wedges being driven by 
hammers (17)• 
Wedge pressing was followed by the use of the screw press. Then 
came the Dutch or staoQ^er press, invented in Holland in the seventeenth 
century for the purpose of crushing cottonseed grown in Egypt. Finally 
In April, 1795» Joseph Broman obtained a patent In England for a hydrauli 
press (5)» On March 2, 1799t Mr. C. Whiting was granted a patent for 
a process for extracting oil from cottonseed (l6). All records relating 
to this patent have been destroyed. 
Until 183^ cottonseed raised In the United States had no commercial 
value. The planters used for planting purposes whatever seed they needed 
and the remainder was allowed to rot in the fields (31)* O^e first 
attempt to crush cottonseed and to extract oil and cake therefrom was 
made in Natchez, Mississippi In 183^^^ (31)(5'^)» ^ hundred years, the 
cottonseed oil mill procedure in many respects has not changed. 
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In 187^ 'Anderson conceived the idea of a mechanical screw 
press for pressing oils from vegetable seed. In 1900 the first success­
ful continuous screw press called an "Expeller" was manufactured. In 
1906 the Expeller was used on vegetable seeds (15)• advantages of 
processing cottonseed meats hy means of the continuous mechanical screw 
press, as compared with the more usual hydraulic press, are as follows: 
a) a 8R.ving in labor} b) an increased oil yield of 11 to 12 pounds 
per ton of cottonseed processed; c) a lover free gossypol content in 
meal and d) no need for a press cloth. Since the capacity of cotton­
seed mills processing by hydraulic presses already is more than enough 
to handle the annual production of cottonseed, the continuous mechani­
cal screw press has replaced the hydraulic press only to a small extent. 
The estimated amount of cottonseed annually processed by continuous 
screw presses is less than 200,000 tons, while the total cottonseed 
crushed in 19HH was U,253»000 tons (2, p. 2S and p. 6U3). Therefore 
k,7 percent of cottonseed was crushed by expellers, or screw presses 
and 95*3 percent was crushed by hydraulic presses, in the years before 
the solvent extraction plants were introduced into the cottonseed oil 
extraction industry. 
Up to 19^6 there was no successful commercial solvent extraction 
unit in operation on cottonseed. The delay in the application of 
solvent extraction to cottonseed was the resxilt of the use of in^roper 
methods and the lack of knowledge; it had been impossible to obtain 
refinable oils. Ihe first commercial installation of 200 tons per day 
input capacity of whole clean cottonseed was built at Wilson, Arkansas 
in 19^7 (18). Since then several plants have been built (32)(3^)(35)* 
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One of them adopted the "Exsolex" process, whloh is a combination of 
oxpeller and solvent extraction unit (35)* 
The difficulty of solvent extraction lies in that the coloring 
matter in the resin glands of cottonseed is extracted by many solvents 
as effectively as is the oil. The crude oil obtained is, therefore, 
much darker than normal hydraulic pressed cottonseed oil. In fact, in 
many instances, it is almost black in color and cannot be refined to 
produce a lii^t-colored refined oil. 
Many investigators tried to extract gosaypol and oil separately 
to avoid the coloring fixing on the oil. Bollinan (8) treated the 
cottonseed meats with SO percent alcohol to extract the coloring 
matter with relatively little oil, the meats were then subsequently 
extracted with a mixture of hydrocarbons to remove the oil. Davis and 
Bartlet (13) extracted cottonseed meats with a mixture of hydrocarbon 
and ether. Koo and King (30) extracted the cottonseed meats with a 
mixture of benzene and alcohol. All of the above investigators obtained 
lifter colored extracted oils, but these methods were not developed 
commercially. 
Some solvents were found to extract the oil from cottonseed meats 
more effectively than others. Koo (29) reported that benzene was a more 
efficient solvent for extracting cottonseed oil than benzine, but that 
very much coloring matter was extracted by benzene. CShernukhin (ll) 
claimed that a meal having excellent feeding value was obtained by using 
a mixture of diethyl ether and dichloroethane. Boykin (9) found that 
increased extracted oil yields can be obtained by drying cottonseed 
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meata to a low moistTire level and then extracting with an oil solvent 
having a speoific gravity not higher than that of the meal. Solvent 
eprajQ and hot vapors were used hy II'in (27) to ol)taln a high oil 
yield. Rewald (Us) reported that a mixture of aromatic hydrocarbons 
with 1 to 10 percent of ethyl alcohol will effectively extract cotton­
seed oil and phosphatides to produce high-crude oil yields. Sato, Inaha 
and Kitazawa (U6) obtained th.e extracted cottonseed oil of light color 
by hot extraction at with 85 percent by weight of ethyl alcohol. 
TJ^on cooling, the miscella was separated into two layers; the lower oil 
layer was mudi lighter in color and lower in free fatty acid content 
than benzene extracted oil. The upper layer contained an alcoholic 
solution of oil, free fatty acids and extraneous materials. 
Rosenthal (H3) and Rosenthal and Trevithlck (UU) received a patent 
to extract cottonseed meats with a mixture of propane and butane, in which 
the solvents must be removed at a temperature below 210^7. in order to avoid 
intensification and fixation of oil color. Olcott (3^) pointed out that 
high ten^erature must be avoided to prevent color fixation in the final 
oil. The solvent he used was hexane. Ylx and others (51) reported that in 
the heicane extraction of cottonseed oil processed at reduced pressure, the 
color fixation became objectionable between 150° and IgO®!*., and beyond 
lgO°y. the color of oil increased rapidly. D'aquin and others (12) made a 
successful pilot plant run on the hexane extraction of cottonseed oil. The 
results were as follows! 1) Crude cottonseed oils were produced on a pilot-
plant from a single lot of prime cottonseed by hexane extraction of the 
cooled and the uncooked meats, and by standard hydraulic pressing of 
the cooked meats. Refining and bleaching color tests showed that the 
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crude oil obtained by solvent extraction of either the cooked or uncooked 
I o 
meats, with removal of solvent at a temperatvtre bdow lUO 7. compared 
favorably in quality and grade with the oil prepared by hydraulic press­
ing. The lightest-bleached oil colors were obtained from the oil produced 
by solvent extraction of the uncooked meats. Wicth a modification of 
the American Oil Chemist Society (1) method, the solvent extracted oils 
appeared to refine better and still give comparable color and refining 
tests. 2) To determine the effect of heat on the crude oils» as 
judged by the resulting Lovibond colors after caustic refining and 
bleaching, the oils produced from the three different processings were 
subjected for one hour to heating temperatures ranging from 150® to 
SUO^F. In all cases the bleached oils were darker in color as the heating 
temperature was raised. The oil extracted from the uncooked meats, 
although of lighter original bleached color, appeared to degx>ade in 
color more rapidly at the 150*'l'. and temperature levels than did 
the oil extracted from the cooked meats; and its final bleached color 
V 0 
was darker after heating at 240 P. The hydraulic-pressed oil was markedly 
less affected by heating than either of the two hexane-extracted oils 
and did not exhibit a sharp bleached color degradation as did the hexane-
extracted oils. According to Boatner (7) the solubility of gosaypol 
and gossypux>purin in the hydrocarbon solvents is limited; only a email 
fraction of these pigments will be extracted with the oil even though 
most of the glands are ruptured as in the case of extraction in the 
presence of considerable moisture and at elevated temperatures. Conse­
quently, cottonseed meals obtained by extraction with hydrocarbon solvents 
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contaln most of the original gossypol and gossypurpurin of the seed, 
and the conditions during extraction determine only whether most of 
the pigments remain within intact glands or are adsorbed on the protein 
tissue. Treatment of hydrocarbon-extracted meals is therefore necessary 
to detoxicate them. 
I 
Olcott (38) ®nd Harris (20) observed that commercial grade chlorin­
ated aliphatic hydrocarbons usually extract deeply colored oils under 
actual processing conditions. The de^ly colored oil obtained by extrac­
tion with chlorinated hydrocarbons has been r^orted to yield lightly 
colored refined oils when the miscella was treated with dilute or con­
centrated alkali before removal cf the solvent. Hollowell (26) made 
the extraction of cottonseed oil using trichloroethylene as a solvent 
in the pilot plant, under the same operating conditions as used in the 
extraction of soybean oil at Iowa State College. For five runs he 
obtained the extracted meals containing I.9 to 2.^ percent residual 
oil while a very dark oil wflcs obtained. Bussell (U5) made several 
ruas at a temperature of 133°C« (271.U®F.) in the flash tank of the 
climbing film evaporator, producing an oil having a color, after refin­
ing and bleaching, of 35 yellow and 32 red on the Lovlbond color scale. 
Traatjnent of the miscella by bleaching agents in an effort to decolorize 
the oil showed no advantage gained with any of the agents tried. Mis­
cella was washed with 2.1? percent HagGO^ solution, which did decrease 
the oil color but not enough to meet the commercial standards. The 
steam pressure in the evaporator Jacket was reduced to 20 p.s.i.g., 
which corresponds to a ten^erature of 258^F. The bleached oil obtained 
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vaa 35 yellow and IS red, too dark to "be accepted. Duncan (lU) reported 
that a prime oil is produced by the use of vacuum distillation equipment. 
However, no operating coaditione were given in his paper. 
Workers (Uo)(l|S)(52)(53) the Southern Hegional Research Labora­
tory have developed a fractionating process, a modified solvent extraction 
method, by means of which the cottonseed kernel is mechanically separated 
into pigment glands, gland-free meal, and lightly colored oil. By 
adjusting the density of the solvent to lw378 g,/cc., the intact pig­
ment glands rise to the swface, the gland-free flour sinks to the 
bottom, and the oil and oil-soluble extraglandular pigments are dissolved 
in the solvent, fhe pigment glands and gland-free flour can then be 
separated mechanically and the oil recovered from the solvent. 
A considerable amount of work on the solvent extraction of cotton­
seed hag been done by Harris at the Agricultural and Mechanical College 
of fPexas (2l)(22)(23). Kxtraction of oil and o^er substances from 
cottonseed meats with isopropasiol has been shown to produce a meal of 
superior nutritive value for awino, as well ae other single stomached 
animals. Although isopropanol has msjiy advantages as a solvent for 
extraction of vegetable oili, It has several serious disadvantages. 
The latent heat of vaporization is nearly double that of hexane. 
In addition, it forma a constant boiling mixture with water at 9I percent 
by volume. To reduce the heat requirements, acetone was considered as a 
substitute for the isopropanol; however, it has the disadvantages of a 
considerably greater fire hazard, though not greater than hexane, and 
of a somewhat higher cost. 
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Some authorities "believe that in the future the trend in the 
United States for the extraction of cottonseed oil will go to the 
direction of pre-presslng the seed the expeller,followed the 
solvent extraction (15)(35)* 
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BXPMIMENm AND S1SCU3SZ0N 
Boiling Point-Vapor Pressure-Composition 
Relations for Miscellag of Cottonseed Oil in Trichloroethylene 
Hany authors (20)(26)(38)(45)(5l) have indicated that the color 
fixation of cottonseed oil processed at the high temperatxire cannot ho 
removed "by ordinary refining methods. In order to avoid the color 
fixation, therefore, processing conditions of cottonseed oil miscellas 
should be maintained at a low temperature. It is therefore in^jortant 
to have data on the boiling points of cottonseed oil-solvent miscellas 
at reduced pressure before working on other phases of the problem. 
Sbiperimental data have been published for separating and recovering 
solvents such as Naphtha E, ethylene dichloride and hexane from cotton­
seed oil (20)(51). Ho data has been yet published on the vapor pressure 
curves of cottonseed oil-trichloroethylene mixtures. However, the 
vapor pressure curves of trichloroethylene-soybean oil miscellas in 
various concentrations at different conditions have been determined. 
Measamer (33^ carried out the investigation into the relations between 
vapor pressvire, temperature and concentration. His work extended over 
a range from 5 50 percent trichloroethylene. Hollowell (25) obtained 
data on the boiling temperatures for several miscella concentrations 
under atmo^heric pressvire by two methods. In the first method several 
solutions were individually refluxed until they attained an equilibrium 
temperature. The second method involved continuous distillation from 
a miscella originally strong in trichloroethylene. Barr (U) developed 
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apparatuB with which vapor pressure temperature data were obtained for 
several concentrations of miscella. Pollard (Hi) determined the 'boiling 
points of hexane-cottonseed oil miscella at various pressures and 
compositions. A modification of his method was adopted for the deter­
mination of the vapor pressure curves of trichloroethylene cottonseed 
oil miscellas. 
Materials 
5richipr00 tbylane. 0?he commercial grade extraction solvent type of 
trichloroethylene used in this work was purchased from 1!. I. DuPont de 
Hemours & Company and had the following specifications J 
Chemical formula 0H01«C Cl„ 
2 
Molecular weight I3I.U 
Boiling point at 7^0 86.7^0* 
Latent heat of vaporization 57-3 cal./gran 
Specific gravity at 20/U°C. 1.U62 
Vapor pressure at 30*^0. mm. Eg, 
Cottonseed oil. !Phe cottonseed oil used in producing the miscella 
was obtained from the South Texas Cotton Oil Company, Houston, Texas. 
The crude cottonseed oil gave the following refining test datas 
Free fatty acid content O.Ul^ 
Specific gravity at 25°0. O.91H 
Hefining loss 3«12^ 
Refined oil color 35^5.31^ 
Bleached oil color 20Y1,8R 
-lau 
Apparattts 
Tha diagram of the apparatus for determining the boiling points 
undar various pressures for a certain fixed composition of miscella is 
shown in Fig. 1. Pjrrex glass was used throughout. A stainless stirrer, 
10, ^ ich rotated at 2^0 r.p.m. uniformly mixed the miscella whenever 
needed. A short glass tube was inserted into the middle of a cork 
which was used as a stopper for the boiler. A home made stainless 
steel stirrer was inserted into the glass tubing over which was tightly 
slipped a piece of tygon tubing. A piece of larger sised tygon tubing 
was slipped over the outside of the upper end of the smaller tubing. 
The space in between the tygon tubing and the stirrer shaft was filled 
with silicon cock grease. The latter was used as both a lubricant for 
the stirrer and as a vacuum sealing agent. This arrangement gave a very 
satisfactory result, no leakage occurring even at Uo mm. absolute 
pressure. The oil bath, 7* vas heated by an electrical heating element, 
13, inserted into the bottom of a mineral oil bath which was insulated 
by magnesia material. Regulation and control of the reduced operating 
pressure were obtained by a 1/8 inch needle valve, 2, which worked 
nicely. Vacuum was produced by usual laboratory aspirators. A mercury 
manometer was Installed between flask, 1, and flask, 11. A mercury 
manometer was also installed in the system to indicate the reduced 
pressure maintained in the sampling; this manometer may be omitted as 
the sampling always is taken at the atmospheric pressure. The boiler 
temperature was measured with a Weston dial type thermometer. Ice water 
stored in an 8 liter stainless steel container, siphoned into an open 
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•eaael in which a small ptunp forced the cooling water to the precooler, 
3, reflux condenser, 13t ^d then back to the ice water container. 
l^gon and glass tuhing were used to connect the various pieces of equip­
ment. 
Method of •procedure 
In each run, the composition of the miscella was k^t constsuit 
while the pressure in the boiler was varied by adjusting the needle 
valve. The boiling temperature therefore changed correspondingly, 
according to the pressure in the boiler. Approximately mI* of 
miscella, containing about 10 percent oil by weight were fed into the 
boiler. The electrical heating element was turned on. The oil bath was 
heated from the room temperature with the needle valve completely closed 
so that the lowest pressure would be obtained. The stirrer was started 
and stopped as needed. At boiling point the whole mass flooded into 
the condenser, 13, during stirring, making it necessary to atop stirring 
immediately. Wie oil bath was always 20-30°F. higher than the miscella 
temperature within the boiler. When the temperature reading on the 
Weston thermometer ceased to change during boiling, the temperature 
was recorded as the boiling point. Since the cooling water had to be 
cool enough to condense the solvent distilled at low reduced pressure, 
the ice water was circulated. The next step was to open the needle 
valve a little bit and allow the pressure to increase ^0 mm. or 100 mm. 
The boiling point correspSindlng to the new pressure was recorded. Since 
the oil color will be fixed under higher teraperatiu-e, no attempt was 
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made to get the boiling points above 210°?. After all the boiling 
points had been recorded for one fixed composition of miscella, the 
heating element switch^ stirrer, aspirator were turned off and the 
needle valve opened. The run was finished and the bath allowed to cool 
to room temperature overnight. Since before the next run, the composi­
tion of miscella was to be changed, a representative sample of the cold 
miscella was withdrawn by manipolating the J'-way cooks a and b and 
cocks c and d. iThe miscella, by the action of the reduced pressure 
produced by an ai^irator, was forced from the boiler to the sampler, U. 
V/hen the latter was nearly full, the cock d was closed and the 3-way cock 
a turned to open to the air Immediately. The three-way cock b was 
turned to give a path from sampler to the nir, then the cock b opened 
80 that the miscella from the sanQ}ler could be poured out into a beaker. 
Three to four batches would be required to withdraw the required quantity 
of miscella. Froper amount of fresh hydraulic cottonseed oil to produce 
the desired new concentration was added to the boiler from the feeder, lU. 
The miscella was then thoroughly mixed by tiirning on the stirrer. The 
sampling procedure was repeated to get a sample so that the new composi­
tion could be determined by the Westphal balance. Then the electrical 
heating element was turned on and the boiling points for the new composi­
tion determined and recorded. The oil content of the boiler was increased 
by successive additions of oil to JO percent oil by weighty after which 
solvent was distilled from the miscella to increase the percentage of oil 
content without the addition of excessive amounts of oil. 
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Analysio 
The specific gravity of miscella is inversely proportional to the 
percentage of oil in the miecella.as shown in Table 1 and Pig. 2 from 
data by Russell (U5). In the determination of these data the tempera-
0 
ture of each sample was adjusted to 25 and the specific gravity of 
the miscella was determined by a Wsstphal balance. 
Table 1 
Specific (Gravities of Cottonseed Oil 
Trichloroethyleno Miscellas at 25°0. 
Oil % Specific Gravity 
7.1 1.3s9 
10.h6 1.361 
19.60 1.301 
26.H2 1.251 
30.2g 1.228 
36.50 1.191 
w.oo 1.1U7 
51^ .95 1-092 
66.20 I.03I+ 
72.^^7 1.012 
79-01 0.987 
85.65 0.956 
9H.90 0.9U1 
100.00 0.920 
The reading from the Westphal balance was reoorded and the corresponding 
percent of oil content could be read directly from the prepared chart. 
Hesuit8 
The data for boiling points at various pressures 
oil-trichloroethylene mixture at constant composition 
Table 2. Those data are shown in Fig. 3 in which the 
for cottonseed 
are given in 
boiling point 
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temperatures are plotted against absolute pressures at constant composi­
tion of miscella. When the values at constant pressure or at constant 
tanperature are taken from Fig. 3 oro88~plotted, smooth curves 
on Fig. U and yig. 5 are obtained. Finally In Fig. 6 a series of smooth 
curves showing the relationships of boiling points and pressure at 
constant compositions has been replotted from Pig. k or Fig. 5« 
Discussion 
Though no data on the vapor pressure ciurvea of cottonseed oil-
trichloroethylene has yet been reported for checking with this investiga­
tion, similar pressure-temperature-compoaition curjvss were obtained 
for the soybean oil-trichloroathylene miscellas (U)(25)(33)» is 
believed that the determiniation of the boiling points of miscella \mder 
various pressures at fixed composition is a much more convenient way 
than the determination either at constant tsnperature or constant prsBsure 
aa used in similar work by others (Ul)(25). Since ice vfater was circulat­
ed in the distillate reflux condenser and 3OOO ml. of miscella were used, 
no change in the composition of miscella wag found at the end of each 
run. The data presented in Fig. 6 for the cottonseed oil-tricihloroethylene 
miscellas indicate that as the oil content increases, the spread of 
boiling pressures decreases and reaches a minimum at 100 percent oil. 
Low absolute pressures are required to boil mixtures with an oil content 
from 90 to 100 percent by weight in order to avoid the heating above 
S10°F. At lower temperatures the spread of boiling pressures over the 
whole range of composition is small conipared to the spread at the higher 
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Tablo 2 
Boiling Points of Triohloroetbylene-Oottonsaed Oil 
Miscellas &t Constant Compositions 
10^ Oil 
Abfl. Pros. B.P. 
In. %. P. 
2.13 65 
u.u6 96 
7.75 120 
11.6 ikl 
15.7 157 
19.ou 170 
24.05 181 
29.16 190 
ou ou 
Abs. Pres. B.P. Abs. Pres. B.P 
In. Bg. In. Hg. °T. 
2.06 75 1.98 73 
1^.23 103 3.8it 105 
7.S9 126 7.7^ 133 
11.5 1h6 11.1 152 
15.7 162 15.1 168 
19.05 17U 19 180 
22.83 187 22.8 192 
29.1^ 196 26.5 200 
529& Oil 70.6^ Oil 
Abs. Pres. B.P. Abs. Pres. B.P 
In. %. In. Hg. 
1.53 78 l.6if 100 
3.76 113 3.8^ 150 
8.07 156 5.56 169 
11.7 179 7 180 
lU.g 190 9.56 196 
17.2 199 11.4 ai 
82.6^ Oil 
B.P. Abs. Pres. 
In. Hg. 
1.56 i2u 
2.97 158 
3.96 176 
5.hi 196 
7.59 210 
89.5^ Oil 
Abs. Pres. B.P. 
In. Hg. °y. 
1.72 157 
2.86 192 
3.62 208 
3.89 210 
Abs. Pres. 
In. Bg. 
l.lh 
2.a 
2.71 
3.16 
sg.-^  on 
B.P. 
166 
190 
200 
3H2 
95 .o i l  
Abs. Pres. 
In. Hg. 
1.37 
1.87 
2.322 
B.P. 
190 
206 
215 
^^ 6 
-±! 
M 
1 
irrr -I 
1 
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temperaturea. 
At a given preasar« there ie a small change in the boiling point 
for miieellas having the low oil content. However^ above 30 percent 
oil by weight there is a more pronounced temperature rise, and after 
KG percent oil by weight* there ia a rapid rise in the boiling tempera­
ture at a given pressure for any increase in oil content. Ag the 
percent of oil in the miscella is increased, the slope of the curves 
increases gradually, and the curve approacdies a straight line for higher 
oil content miacella over the lower temperafcure portion. 
Since previous work indicated, that the extracted cottonseed oil 
cannot be processed satisfactorily at a teoperatiire higher than SIO^P. 
no "boiling points of the mlacells above that tanperaturo wore determined. 
The data obtained in tills investigation were compared with valuesV 
calculate^L from Eaoult's law. So agreement between the observed and 
calculated values was found, the observed values in all caces being 
lower than the calculated values. According to Pollard, V±x and Oastrock 
(Hi), the agreement between observed and calculated values of vapor 
pressure for hexane-cottonsoed oil miscellas is good below ^proximately 
50 pe-Tcent oil. Above 50 percent, there is appreciable deviation which 
becomes increesingly great aa the oil concentration approaches 100 
percent. Apparently solvatad compotinds were formed between oil and the 
trichloroethylene molecules, as postulated by Bailey (3, p. 66). Since 
vapor pressures of trichloroethylene cottonseed oil miscellas calculated 
from the Raoult's law yield erroneous results, e^qaerimental values are 
necessary for design purposes. 
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Bffeet of Heat on (Trlohloroethylene-OottonBsed 
Oil Hldcellas 
It has been definitely proved by previous workers (26)(U5) that the 
triehloroethylene-eottonseed oil miecella processed at a high tempera-
turo will roault in a dark oil. Therefore the purpose of this part of 
the dissertation is to find the optiimaa processing conditions at which 
the color fixation of the trichloroethylene extracted cottonseed oil 
can be avoided. 
Preparation of dilute miaoella 
The cottonseed oil misuella was obtained by the extraction of 
•cottonseed in the pilot plant at the Iowa Engineering Experiment 
Station, Iowa State Oollege, ^es, Iowa. The cottonseed was dehulled 
at a mill in Texas and then shipped to i^es. The pilot plant used for 
extraction of the oil was originally designed and used for the extrac­
tion of soybean oil. A flow sheet of pilot plant is shown in ffig. J. 
The dehulled cottonseed was heated in the steam jacketed tempering 
o 
tube to lUo-l^O F. and then flaked between a pair of smooth rolls to 
a thickness of approximately 0.01 inch. The filled cottonseed was 
extracted countercurrently by trichloroethylene in the pilot plant 
extractor at room temperature (£0°?.). The aiscella passed tlirough a 
Kelly filter in which filter aid was used. As a previous run showed 
that the cottonseed oil will beoome dai'k if it is concentrated and 
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8tripped at temperaturee used in the pilot plant for soybean oil, 
the cloar miacolla filtrate was collected without further processing and 
stored In 5 gallon cans. The specific gravity of the raiscella was 
1.32s, corresponding to an oil content of l6.2 percent "by weight. 
Kva'poratlon 
Apparatus and method of -orocedure. Dilute migcella was concentrated 
in the laboratory apparatus shown on Pig. S. She laboratory rising film 
evaporator was a 6 ft. long, 12 nm. in diameter glass tube with a 
glass Jacket innerted at the '^wper ond into an inverted flask. 
o o Hot water was circulated in the jacket at temperatures 110 , 150 and 
IgO®!*. while the whole system was at 50 absolute pressure. The 
concentrated miscella dropped from the 3-iieclc flask through the middle 
neck Into the storage flask below and the vapor escaped Into the condenser 
from another tube inserted, into the third nock. The condenser was con­
nected by tubing to a three-liter solvent storage flask cooled by ice. 
The vacuum was produced by an aspirator. All connections were sealed 
by wax. l/H inch hose line was used as vacuum tubing. The feed of 
the dilute miscslla from atmospheric pressure to the vacuum syatera was 
regulated by a tubing compressor. As liqtiid fed to the preheater, it 
boiled and then formed bubbles which spread entirely across the tube, 
forming a fairly thiok circular disc. These discs were composed of 
concentrated raiscella supported in the tube by trichloroethylene vapor 
and were forced upvard one by one. The velocity of each disc was 
constantly increased as it approached the upper part of the tube where 
the pressure was lower and the temperature was higher. As the discs 
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entered into the flash chamtor thoy expanded and the trlohloroethylena 
vapor escaped to the condenser. At 50 am. vapor pressure of trlchloro-
ethylene, the boiling point is In order to keep the trichloro-
ethylene vapor prefssure as low as poasible^ ice was uaed to surround 
the advent atornge flask, 
Data. A jsaries of rms at 110, I50 and 180®F. water Jacket tempera­
tures \irere carried out vmder about 50 iaei* absolute pressure. The data 
obtained are shown on Table 3. 
Table 3 
JJilute Gottonseed Oil Miscella Concentrated 
by laboratory Film Evaporator 
Abe. Pres. 
nun. 
Initial 
Oonc. of 
Oil in 
iniscella, 
^ W 
Jacket Teaip. Temp, of Gone. 
Miscella In 
Flaeh Chanber, 
o-ff. 
Oil by veight 
in Cone. Kis-
cella 
50 16.2 110 31.k 65.5 
50 16.2 150 lis.5 f?l 
50 16.2 ISO 136.5 S7 
Siaouaalon. She data in Table 3 indicate that the temperature 
gradient between the hot water jacket and the concentrated iniscella 
within the rising files tube was large. !?hi8 poor;.b,eat transfer was due 
partly to the dilute miscolla paeeing through the rising film evaporator 
in le««8 than half a minute and partly to the poor couductivity of the 
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glass tul)ing. It wovild be difficult to apply these data directly to 
practical plant design and operation. 7he data show that cottonseed 
oil miscella containing an oil composition of l6.2 percent "by weight 
was concentrated to 65.5 percent at 110®F. hot water Jacket tempera­
ture and under ^0 mm. absolute pressure. Though lower than the 80 
percent concentration ordinarily used in the pilot plant, 65.5 percent 
miscella can be stripped to remove the solvent in the laboratory 
stripper. Therefore a temperature of 110°P. was adopted for the evapora­
tion and stripping so that trichloroethylene in the miscella could be 
removed without the excessive heating effect. 
Low-tempernture steam atriisTJing 
Dilute cottonseed oil miscella was concentrated in the laboratory 
rising film evaporator at 110®F. hot water jacket temperature and 50 
mm. absolute pressure. The specific gravity of concentrated miscella 
at 23^0, was 1.039 which is equivalent to an oil content by weight of 
63.5 percent. The concentrated miscella was then stripped in the labora­
tory stripping column under a presstire at which the temperature Of steam 
would not exceed llO®!". The diagram of the laboratory stripper is 
shown on Hg. 9. The column was made of a 29 inch long, 1 I/8 inch 
in diameter glass tube with a 1 3A ihch in diameter glass Jacket. 
The column was packed with a 25-ln. depth of glass helices. Steam was 
generated from distilled water in a round bottom flask, A small tube 
was inserted into the rubber stopper to vent the excess steam into the 
air. Another tube connected with a l/U inch needle valve which con­
trolled the steam into the stripper which operated under an absolute 
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preasrire of 35 to U5 mm. The dilute miscella fed into the stripper from 
a 250 ml. glass funnel, the amount fed being controlled by a tubing 
compressor. Stripping steam and trichloroethylene vapor escaped into 
a water cooled condenser and then into a storage flask which was k^t 
cold by ice. She amount of steam fed and the concentrated miscella 
fed were readily controlled so that the steam vapor velocity would 
be above neither the loading point nor the flooding point. Hot water 
0 
at 110 7. was circulated in the Jacket to kem the stripping column 
hot and to prevent any condensation of steam, ^e stripped cotton­
seed oil was stored in a large flask which was immersed in a hot 
water bath at 110®F. 
Refining method 
Before proceeding further on the work of the heating effect on 
the trichloroethylene extracted cottonseed oil miscella, the proper 
refining method was studied. A modified refining method was used both 
by Vix (51) and Duncan (lU) to refine solvent extracted cottonseed oil. 
Miscella containing I6.5 percent cottonseed oil and 83.5 percent 
trichloroethylene was processed in the laboratory rising film evapora-
0 
tory and stripper at a temperature not above 110 P. to produce stripped 
oil. 7he free fatty acid content was determined according to the 
American Oil Chemists' Society official method for dark cottonseed oil 
In which a saturated salt solution was used, fhe cottonseed oil was 
then refined by l4® and l6°Be lye at different conditions in order to 
find a better refining method than that of A.O.O.S. official method, 
which is used specially for hydraulic and expeller oil. 
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The refining process usod was a modification of a procedure for 
determining refining loss of crude hydraulic cottonseed oil, as set 
forth "by the A.O.C.S,, and was carried out as follows! 
1. live hundred grams of the crude oil san^le was poured into the 
refining cup, which was partially immersed in a water bath with the 
water level a little higher than the oil level within the cup. Both 
water and oil were adjusted to 20® - 2H® 0. 
2. The correct amount of alkali was calculated from the tree fatty 
acid content and with the agitator running at 250 r,;p.m, was added to 
the oil. Agitation at this speed was maintained for 90 minutes at 
20® to 2U°0. 
3. The speed of agitation was changed to "jo r.p.m. and the tempera­
ture of the water "bath was increased to 63° to 67®C. The temperature 
change was completed in ahout one minute and the time for the agitation 
at this temperature was 12 minutes. At the conclusion of the stirring 
period, the oil Itself was 60** to 65°C. 
U. Agitation was discontinued and the oil was allowed to stand at 
63** to 67^0. for one hour. The temperature of the bath was then de­
creased to about 10*^0., and the oil was allowed to stand for at least 
12 hours. 
5. The oil was cooled again to 10°C. in about 30 minutes before 
pouring off. 
6. %e ct^ and contents were weighed and the weight deducted from 
the total weight at the start to obtain the evaporation loss. 
7. The refined oil was decanted into another stainless refining 
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Gup and the aoap stock drained for 30 minutes by inclining the so^ 
stock cap above the refined oil cup. Any floating foots decanted idth 
the oil were recovered and returned to the main body of soap stock. 
The oil was poured through a small strainer to collect the foots, using 
a screen such that the oil loss was negligible. 
8. The soap stock was weighed Immediately to prevent any moisture 
loss. 
9. The refined oil was weighed and filtered through a Whatman No. 12 
filter paper. The color was determined by the Wesson method (l). 
Trichloroethylene extracted oils were refined by lU°Be (80^) at 
15 minutes cold stir, lU®Be (SO^ at 90 minutes cold stir, 1^®B6 (Max.) 
at 90 minutes cold stir and l6°Be (Max.) at 90 minutes cold stir respec­
tively. The data collected are in Table U. 
Since trichloroethylene extracted cottonseed oils contain more 
gossypol which is said to help refining, the foots obtained were very 
firm. However, a lower temperature than 20-2H°0. such as 10®0. was 
required to chill the foots, otherwise the foots would be very soft. 
Oil once drained, no more could be obtained by remelting and re-chilling 
the foots. 
Table U indicates that the 90 minutes cold stir refining method 
gave a much lighter refined and bleached oil color, but with a slight 
increase of refining loss, than that of I5 minutes cold stir refining 
method. Refining with 90 min. cold stir gave very firm foots. This 
is probably due to the tridiloroethylene extracted cottonseed oil 
containing more gossypol, which requires more time for a thoroughly 
Table U 
Refinliag Data for Refining Condition Studies 
Oil Wt. Rfee Patty 
in gm. Acid $ 
Refining Lye, 
°be 
Time In. Refining Type of Soap Lovi"bond Color ("yl-* Tab^e) 
Hin. for Loss Stock Formed Refined Bleached Oil 
Cold Stir ^ W. Oil G^A.O.C.S. 
fuller's earth 
500 3.5B 1U° (so^) 15 IO.U5 small amount 
foots on oil 
surface 
35Yia.6R 35T31.IH 
500 3.5s 1U° («0^) 90 10.9 Tery firm 35Y27.2R 35115.9^ 
500 3.58 1^ 0 (Max.) 90 11.3 Tery firm 35Y16.6R 35nU.2a 
500 3.5« 16® (Max.) 90 11.5 Teiy film 35Yi5.5a 35n3.5H 
-U2-
oixed product, to have a complete reaction between the lye and gosaypol. 
Since the gossypol helps the refining, therefore the foots obtained 
should be firmer than that obtained from both hydraulic and hexane extrac­
ted cottonseed. 
fable H also Indicates that the highest strength lye gave the 
lightest oil color, both in refined and bleached oils. Jor later tests 
I  
in the refining, 90 minutes cold stir and a l6°Be lye were used, so 
that a better oil color could be obtained. 
Heating effect on cottoneeed oil miscellas 
Cottonseed oil miscella was obtained and stored In a five gallon 
can on June 8, 1950- 'fhe cottonseed was extracted at a room tempera­
ture of and a miscella was obtained with a specific gravity of 
1*359» corresponding to an oil content of 11.5 percent. Since the 
miscella was too dilute, it was concentrated twice by the laboratory 
rising film evaporator to get a concentrated miscella of 65.5 percent. 
The concentrated miscella was stored in a large glass jar. Bach time 
ml. of concentrated miscella in a stainless steel vessel was heated 
in a water bath at 150°» 120° and 210°F. for 15 or 60 minutes. iPhese 
conditions were used, since prior work on the hexane extraction of 
cottonseed showed the critical temperature affecting the color to be 
between 150° and 180°F. (51). During heating the miscella was stirred 
by a stirrer at 25O r.p.m. After heating the concentrated miscella 
was cooled to 110°P, immediat^y. The miscella was then stripped 
o . 
at 110 F. under an absolute pressure of 30-40 mm. The rate of feeding 
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was about 6-8 ml./min. Stripped cottonseed oil was dehydrated under 
an absolute pressure of 20 mm.; however, no water was found. The 
free fatty acid content of cottonseed oil was then determined and 
the oil was refined with l6**Be (Max.) lye using $0 minutes cold stir. 
Refined oil color was read according to A.O.C.S. official method (l). 
The refined oil was then bleached and the color was read again. The 
results obtained are shown in Table 5* 
Ihe data indicate that the free fatty acid content was not changed 
with the temperature of heating. Both the refined and bleached extracted 
oil were very dark and not satisfactorily meeting the commercial stan­
dard which specifies that a prime summer yellow cottonseed oil shall 
not have a refined oil color deeper than the two combined standard 
glasses 31? yellow and J.S red on the Lovibond equivalent color scale, 
and have a bleached oil color not deeper than the two combined standard 
glasses 20 yellow and 2*3 red on the Lovibond equivalent color scale. 
The color of the cottonseed oil increased with the temperature, 
increasing rapidly beginning at 1S0°F., when heated for 6o minutes. 
The concentrated miscella heated for 1^ minutes gave a moderate change 
of the oil color. The refining loss was increased when the concentrated 
miscella was heated at 180°^. for 60 minutes and at 210®!*. for 15 
minutes. The refined and bleached oil colors were very dark, apparently 
due, largely, to the effect of heating the miscella above 150°F. In 
order to find out the effect of heating below 150**F. the following 
series of tests were carried out. !Qiree batches each consisting of 
850 ml. of 65.5 percent cottonseed oil by weight were poured into a 
stainless steel vessel and heated by a water bath at 130®P. for 15 
Table 5 
Befining Data for Heating Studies 
Sate Heating Time in % of Hiacella $ Free Refining* Lovibond Color (5 1/4" tube) 
Temp. 
op. 
Min. Before After 
Heating Heating 
Eatty 
Acid 
Loss 
W. 
Refined Oil 
Color 
Bleached Oil Color 
% A.O.C.S. 
fuller's earth 
7-22 
S-25 
150 15 65.5 6g.U 3.3 11.2 35Y25.IB 
35117.UR** 35X12.^ 
7-26 
S-25 
150 60 65.5 70 3.3 11.18 35^39.3^ 
35x26.5R 35n8.7H 
7-25 
g-25 
ISO 15 65.5 68 3.3 11.22 35Y37.1+R 
35T23.6a 35YI7.2R 
7-27 
S-25 
180 60 65.5 70.5 3.3 11.36 35T63-3R 
35Y32.IR 35T29.IR 
7-2S 210 15 65.5 71 3.3 11.38 35T77.IH 
35T36R 35Y32.3R 
•The cottonseed oil was refined with l6°Be ly». 
The refined oil was bleached one month later. 
minutes, 130*'s'. for 6o miaxitee and at 150**F. for 15 minutes rs^eotively. 
She misoella was stirred by a stainless steel stirrer at 2^0 r.p.m. 
during heating. After heating, the concentrated misoella vas then 
stripped hy a laboratory stripping colyran shown by Pig. 9 vinder en 
absolute pressure of 30 to ^0 ^0 stripped oil was then refined 
with l6®Be lye according to the above modified refining method. Bie 
refining data are shov/n in Table 6. 
It was surprising that the refined oil color and the bleached 
oil color of cottonseed oil processed at a lower temperature were 
darker than the previous runs in which the concentrated miscellas were 
heated at I50® and ISO®!*. Shis indicated that the oil color increase 
may have been due to increased time of misoella storage together with 
the high gossypol content of the crude oil. Oossypol has been considered 
as a complex polyphenolic dicarbonyl compound (2, p. HU2) which is capable 
of existing in three tautomeric modifications. Because of the complexity 
and variety of its reactions and the ease with which the gossypol 
molecules undergoes alteration, improper processing of cottonseed oil 
miacella could easily damage the oil color. Clark (2, p. 236) observed 
that the gossypol molecule is decon^osed even .by the'mildest oxidizing 
agent into small unrecognigable frfsgments. Therefore by the action 
of oaygen and moisture in the air, the gossypol probably undergoes some 
chemical changes and imparts incroasad color to the oil. In comparison, 
the relative changes of oil color between each successive heating were 
small, while the refining loss was nearly unchanged at lower temperattire. 
o 0 
This indicates that within the range 110 to 15O P., the heat effect on 
Table 6 
Refining Data for Heating Studies 
Date Heating !i?iiae in % of Mjgcella % IVe© Refining* liovibond Color (5 l/U" ttibe) 
Temp. Min. Before After Fatty Loss Refined Oil Bleached Oil Color 
oj*. Heating Heating Add ^ W, Color 6^ A.O.C.S. 
f\iller*9 earth 
7-30 
S-29 
g-1 
S-29 
g-2 
g-29 
g-3 
g-29 
110 
130 
130 
150 
15 
60 
15 
65.5 
65.5 
65.5 
65.5 
65.5 
6g 
68.6 
6g 
3.3 
3.3 
3.3 
3.3 
11.56 
11.5g 
11.6 
11.6g 
35t53.5h 
35t2g.9r*» 
35^ 52-2® 
35TI10.3H 
35^ 58.2a 
351U0.UR 
35160.5a 
35TU2.2R 
35123.7h 
35131.5h 
35y31.5r 
35y35.2r 
* She cottonseed oil was refined with l6° Be lye and the cold stir was 90 minutes. 
*• 2he refined oil was bleached one month later. 
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the cottonseed oil miscella is proljably slight. The refined oil was not 
bleached immediately after refining, because of delay in arrival of fresh 
A.O.O.S. official fuller's earth. After one month the readings on 
the Lovibond scale of all refined oil colors were greatly reduced, 
probably as the result of the action of light on unstable color elements. 
Since the oil color of refined tridiloroethylene extracted cotton­
seed oil apparently increases with the increase in time of miscella 
storage, an extraction run was made and the miscella was concentrated, 
stripped and refined as quickly as possible. The cottonseed was 
extracted by trichloroethylene in the pilot plant at 80°P. and the 
miscella obtained contained 15.8 percent oil. TWo hours later the 
dilute miscella was concentrated in the laboratory rising film evapora­
tor at a temperature of 110°P. The concentrated miscella contained 
70.g percent oil. On the day following, the concentrated miscella 
was stripped in the laboratory stripping column at a temperature of 
llO^F. The free fatty acid content of the final cottonseed oil was 
determined as 5*33 percent and the specific gravity O.922. The free 
fatty acid content was high due to the fact that the dehulled cotton­
seed had been stored for some time and the free fatty acid content 
increased with the store^je time. The extracted cottonseed oil was 
refined with l6°Be lye. The refining process, in which 90 minutes 
cold stirring was used, started 26 hours after the oil was extracted. 
The res\ilt3 were as followsS 
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Bleached oil color 
Befinln^ loss 
Refined oil color 
lg.1656 
35^ 5.2» 
201:2.35r 
OThese roeulta show that the trichloroetl^lehe extracted cotton­
seed oil will give a prime oil color, evea better than hydraulic 
cottonaoed oil, vhan compared on the 'basis of the same free fatty acid 
content. Since the trichloroethylene extracted cottonseed oil from the 
fresh miscella had a prime oil color, a series of tests were carried 
out to find the relative tenp-irtt'iure effect troon the oil color. 
The dilute niacella was concentrated twice in the rising film 
evaporator at a temperature of llO^F. with 100 auu, ahsolube press'ire 
in the first concentration and 50 wm. absolute pressure in the second 
concentration. The final concentrated niacella was 59*5 percent. 
Ihe concentrated raiooellas were heated in a stainless steel Teasel hy 
hot water oath at constant testperatures of 130®» 150° and 1S0°F. for 
15 minutes and 60 minutes reject!vely. ®he concentrated miscellaa 
were also heated in the ssune way by hot water hath at constant tempera­
tures of 210^ and 2Uo°P. for 15 minutes. tPhey were stirred hy a stirrer 
operating at 250 r.p.m. during heating. After heating, the hot 
miacellas wore immediately cooled to 110**P. and stripped in the labora­
tory stripping coluian by low pressure steam at 110®?, Since the free 
fatty acid content was iiigh, 26°3a strong lye was used for refining. 
The data are shown in Table 7 0®^ graph in Fig. 10 in 
conrporison with the commercial prime oil color standard. 
5)he data indicate that the trichloro ethylene extracted cottonseed 
Tatle 7 
Refining lata for Heating Studies* 
Date Heating Time in ^ of Miacella 
Temp. Min. Before After 
°F, Heating Heating 
^ Eree 
tatty 
Acid 
Hefinicg** 
Loss 
5s w. 
Lovibond Color (5 l/H" tube) 
Hefined Oil Bleached Oil Color 
Color 6^ A.O.C.S. 
f?-3l 110 0 59.5 59»5 5.36 19.11 35yH.7H 20Y2.UH 
9-1 130 15 59.5 61.5 5.36 19.12 35*5.2a 20T2.5R 
9-2 130 60 59.5 63.8 5.36 19.16 35Y5-5R 2OT2.5R 
9-3 150 15 59.5 61.5 5.36 19 .lU 35Y5.7H 20Y2.8R 
9-^  150 60 59.5 66.5 5.36 20.1 35^ 6.2a 20T3,5R 
9-5 180 15 59.5 63.5 5.36 20.2 3516.6E 2013,711 
9-6 ISO 60 59.5 66.5 5.36 33.i^ »»» 35r8.$R 20Y^ .3H 
9-7 210 15 59.5 65-5 5.36 30.gg*»* 35Y«.9R 3515.1® 
9-g 2U0 15 59.5 66 5.36 31.6*** 35n2.7a 35T7.6H 
*The cottonseed oil was extracted on 8-22-50. 
** The cottonseed oil was refined with 26°Be lye and the cold stir during refining was 90 min-
After 90 minutes cold stir, the oil congesded to a gelatinous mass. 
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oil will give a prime oil if it has been procesBed -under proper condi­
tions, ftnd refined as soon as possible. Increase in the temperature 
will increase both the oil color and the refining loss, particularly 
at the higher temperature and longer heating times. Cottonseed oil 
miscellfts heated below 180°F, for 15 mixnxtes gave a satisfactory result. 
Both the refiniBg loss and the oil color were only slightly changed 
0 q 
\^en the concentrated miscellas were heated at 110 F. and I30 even 
with a longer heating. Longer heating at'150°!?. tended to affect the 
oil color only slightly. One hour heating at 180°F., I5 minutes heating 
at 210** and 2U0°P. increased the refining loss and the oil color greatly. 
BuTing refining in each of the above three oases, the whole oil after 
90 minutes cold stirring became a Jelly mass, probably dxie to a chemical 
reaction between goasypol and the unsatiirated glyceride in the presence 
of the strong lye. 2he strong lye must have certain effect xtpon the 
crude oil as in previous runs when l6°BA lye was used, no Jelly mass 
was formed. This, of course, was the main cause of the large refining 
loss. 
Prom the bar graph, Pig. 10, it is clearly indicated that the 
o 
refined oils heated for not over 15 minutes at ISO P. or less have 
the prime oil color. The color of refined and bleached oils from the 
0 
miscella heated at ISO P. for 15 minutes increases rapidly aa the heat­
ing time is increased to one hotir. Apparently ISO^S** is a critical 
temperature at which the change of the objectionable oil color fixation 
takes place. 
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When the hydraulic pressed cottonseed oil (2, p. 366) is compared 
with trlchloroethylene extracted cottonseed oil l)a8ed on the same free 
fatty acid content, the latter shows a lighter oil color. On the 
average the hydraulic pressed cottonseed oil (2, p. gives a refined 
oil color ahout 35YIOR with 16 percent refining loss at a free fatty 
acid content of 5*3 percent. Though the refining loss, 19*15 percent 
of trichloroethylene extracted cottonseed oil, is higher than the 
average hydraulic pressed cottonseed oil in this case, it has been 
reported (2, p. 351) (U5) that the trichloroethylene extracted cotton­
seed oil should give a lower refining loss due to a higher gossypol 
content which helps the refining. The high refining loss of the 
trichloroethylene extracted cottonseed oil in this case was probably 
due to a strong lye used in the refining, and also due to the dehulled 
cottonseed stored for a long time before extraction. This series of 
tests were carried out about 9 to IJ days after the cottonseed oil was 
extracted and apparently the oil color remained unchanged within this 
period. Kie former miscella stored for about two months gave a darker 
oil color. The oil color change may have been due to the oxidation of 
the gossypol in the miscella, the rate of oxidation d^ending i:^on 
the temperature, and moisture content in the oil and the air. It is 
probable that the oil would not change color very much if the miscellas 
were stored less than 20 days. In the plant operation the miscella will 
be concentrated and stripped as soon as it leaves the extractor. Bie 
crude cottonseed oil should never be stored longer than necessary, but 
refined as soon as possible. A high free acid content hydraulic 
-5^ 
cottonseed oil refined by the author produced a very dark oil, probably 
due to the fact that the crude oil was stored for a long time. If the 
crude trichloroethylene extracted cottonseed oil would not change its 
color within a week or ten days, this would be long enough for a small 
commercial unit to accumulate a carload of oil to be shipped to the 
refinery. 
The data indicate that a prime cottonseed oil will be obtained if 
the miscella is processed at l^O^F. Since the vacuum equipment has 
to be used in the solvent extraction of cottonseed oil, it might be 
desirable to concentrate the miscella in the flash chamber to 90 
percent of oil by weight, rather than 80 percent, which is the concentra­
tion secured in the present trichloroethylene extraction of soybean oil 
when the rising film evaporator is operated Tinder atmospheric pressure. 
It is common practice in solvent extracting plants using hexane to con­
centrate the miscella to approximately 90 percent oil before going to 
the final stripper. At 90 percent of oil by weight in the trichloro­
ethylene cottonseed oil miscella, the vspor pressure at 150°F. as shown 
in Fig. U or Fig. 6 is 1.5 in. Hg. Therefore an absolute pressure of 
1.5 in. Hg. should be well maintained within the flash chamber and the 
temperature of the dilute miscella should not be above 150®?. in the 
rising film evaporator. At a tenroerature of 150°F. the steam pressure 
is 7.5 in. Hg. abs., therefore the stripping column should be main­
tained at 6-7 in. Hg absolute pressure so that the cottonseed oil would 
not be overheated in the stripping column. Under these conditiona.no 
objectionable color fixation on the cottonseed oil would result. 
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The results of this iHTestigation are similar to those obtained 
by Tix and others (51)* who showed that the color fis^ation on the hexane 
0 0 
extracted cottonseed oil became objectionable between I50 and 180 F.^ 
and beyond ISO®!*, the color of the oil increased rapidly. Apparently 
both trichloroethylene and hexane have no significant solvent action on 
the color of cottonseed oil, the darker color resulting from the exces­
sive heating. 
Hydrogenatlon of Ck)ttonseed Oil 
Snyder (Uj) reported that trichloroethylene is toxic to the nickel 
catalyst during hydrogenatlon. of soybean oil. The purpose of this work 
was to find what concentrations of trichloroethylene in cottonseed oil 
are toxic to the nickel catalyst dviring the hydrogenatlon. 
Materials 
Cottonseed oil. Two gallons of refined and bleached hydraulic 
pressed cottonseed oil and 3 gallons of crude hydraulic cottonseed oil 
were obtained from the Southern Texas Cotton Oil Company, Houston, Texas. 
Trichloroethylene. It was taken directly from a dim of fresh 
"extraction" grade trichloroethylene purchased from E. I. duPont de 
Nemours and Company. 
Hjydrogen. Electrolytic hydrogen was obtained from the Llnde Air 
Products Company in a high pressure cylinder, with an initial tank 
pressux^e of about 1800 pounds per square inch. 
Catalyst. The nickel catalyst was purchased from the Rufert 
Chemical Company, Seymour, Connecticut, in the fom of dry, black flakes. 
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Accordlng to the manufacturer's bulletin (6), the flakes contained 23,7 
percent metallic nickel^ and were homogenous, free flowing and of uniform 
nickel content. The catalyst required no preliminary heating, agitating 
or analysis, melted readily In the hot air of the hydrogeixator, emd 
could be stored Indefinitely without loss of activity. This catalyst 
would be rendered inactive by all organic poisons, andbhence was suitable 
for the detection of any poisoning action by the trlchloroethylene. 
A-pparatus 
Hydrogenator. An autoclave type steam heated unit with an agitator 
paddle was used as a hydrogenator. The hydrogenation chamber, Fig. 11, 
which was closed at one end with a welded end closure, was mounted 
inside a section of fovir-inch pipe. The outer pipe was welded to a 
flat bottom plate, and both pipes were welded to a flat upper ring. 
Six stud bolts were spaced eq^uaHy on a circle concentric with the 
periphery of the upper ring, and holes were drilled in a flat, circular, 
l/U inch thick, steel cover to correspond with the studs. A steam 
inlet and outlet were inserted in the outer wall. A thermometer well, 
hydrogen inlet, exhaust opening, stuffing box, and bevel gear support 
were all attached to the cover plate. The outside surface of the 
hydrogenator was insulated with 1 inch of 85 percent magnesia heat 
insulation. 
Power transmission. As hydrogen is a combustible gas, an explosion-
proof, 0,75 horserpower, 3 phase 220/UU0 volt, I7H0 r.p.m. was used 
to drive the agitator. The motor was cov^led to 9OJI gear reduction 
box by a V-belt on U-inch pulleys. Power was transmitted from the gear 
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reducer to the agitator ahaft hy means of b sprocket chain and two 
berel gears. As a further safsty msasure to avoid open sparks from 
friction or other sotirces, the motor and gear reducers were grounded to 
a water pipe. 
Hydrogen 3U-p"ply. The hydrogen cylinder pressure was reduccd 
through a reducing valve mounted on the (^linder, to the working 
pressure. '2^he hydrogen then passed through high-preRsure rubber tubing 
to a lov;-pressure supply tank, which could be closed by needle valves 
at either end, The hydrogen was then conducted to the hydrogenator 
through a rubber hose, and admitted to the reaction charabor bslow the 
surface, of the oil, in order to afford as much gas-liouid contact as 
possible. Both ends of the rubber hose Tvere tightened by two tubing 
clajbqjs. 
Bxhaust line. A water aspirator was provided for evacuating the 
air above the oil. A cock was installed in the line between the 
aspirator and the hydrogenator to prevent water from surging back into 
the hydrogenator and to hold the vacuum. A l/S inch pipe tee was 
inserted in the line directly above the exhaust hole in the cover plate. 
In order to permit an oil sample to be pipetted from the vessel without 
removing the cover plate, a pipe plug was then placed in the vertical 
branch of the tee. 
Heating. The oil was heated to operating temperature by admitting 
the high pressure stoam to the annular space between the reaction chamber 
and the outer wall of the vessel. A small petcook was connected on the 
steom outlet. It was used to release steem condensate as well as to 
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adjust the steam pressure within the annular roace so as to give a 
correct temperature. 
The entire arrangement of apparatus is shown by the flow sheet 
in ?ig. 12. 
Method of Tirooedure 
Prerparation of oil aample. Before hydz-ogenation, the cottonseed 
oil ia usually refined by alkali, washed with hot water, dried under 
high vacuum and then bleached. In order to find out the toxicity of 
trichloroathylene to tho catalyst, the refined and bleached hydraulic 
pressed cottonseed oil was intentionally contaminated with an increas­
ing quantity of trichloroethylene aa follows: 0.00, 0.01, 0.02, 
0.05 and 0.10 percent by weight. The trichloroethylene was dropped 
from a pipette near the atirfaoe of the oil, to avoid as much volatiliza­
tion as possible. The sample prepared in this way was ready to be 
hydrogcnated. The results should show the degree of the toxicity to 
the nickel catalyst duriJ:^ hydrogonation due to the presence of a certain 
amount of trichloroethylene. 
The oil samples for another series of tests were prepared, 
Trichloroethylene in amounts equivalent to 0.02 and 0.05 percent by 
weight was added to crude hydraulic pressed cottonseed oil, which was 
then refined according to the A.O.O.S, official method (l). The refined 
oil was washed with hot water and then dried in the laboratory apparatus 
as shown in Fig. I3. The dried oil was bleached according to A.O.C.S. 
official method (l). This bleached oil was then ready to be hydrogenated. 
J-ow Pr'essur« 
Jiydrogen Tanfc 
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P/G. I3  laboratory apparatus for prying the rep/n£d and \a/ashed 
cottonseed oil under reduced ppessure 
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OThe same procedtire was carried out on a sample of crude hydraulic 
pressed cottonseed oil to which no trichloroethylene was added before 
refining. The results of this procedure should indicate whether 
trichloroethylene in trace amounts will be removed by the usual process­
ing prior to hydrogenation. 
Operating procedure. The following conditions were maintained 
through all runsJ 
Weight of oil 250 g. 
Active nickel catalyst 0.05^ 
Oil temperature 155°0* 
Steam pressure 60 p.s.i.g* 
Agitator speed 20 r.p.m. 
i^drogen pressure 15 p.s.i.g. 
Operating time 3 liours (six 30 minute' periods) 
The operating procedure was as follows: 
1. The oil and catalyst were charged to the hydrogenator, bolted 
on, reaction chamber exhausted for two minutes, aspirator cut off and 
oil brought to a temperature of 155°0* with agitator running. 
2. The reaction chamber was exhausted for two minutes again, 
aspirator cut off and hydrogen admitted to chamber. 
3. At 30-ininute intervals, agitation was stopped, hydrogen supply 
was closed at the needle valve, eiihausted for a few seconds, oil sample 
taken and step 2 repeated before proceeding. 
U. The process was continued for six half-hour periods. 
5. Oil samples were centrifuged to separate catalyst from the oil, 
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and refractive index readings were made on the aupernatent oil at 60°C. 
Analysi s 
The iodine number and the refractive index of vegetable oil decrease 
with the increase in saturation. The correlation (3» p« 610-61I) between 
iodine value and refractive index is not precise for any given variety 
of oil, but the refractive index will generally serve to indicate the 
iodine value of a hydrogenated oil within one or two units. Since 
refractive index measurements are easily and quickly made, the degree 
to which the cottonseed oil hydrogenated was determined by reading the 
refractive index at 60°C. Table 8 from Bailey (2, p, U07) gives the 
relation of iodine value and refractive index for hydrogenated cotton­
seed oil. These data are shown graphically as a smooth curve in Fig. lU. 
Table 8 
Average Refractive Indices at 60°C. of Hydrogenated 
Cottonseed Oil B of Different Iodine 
Values 
Iodine value Refractive index Iodine value Refractive index 
llO'^ i.u574 u5 i.U503 
105 1.1^570 uo i.uugg 
100 1.^565 35 1.uu93 
95 i.u56o 30 i.uifsg 
90 1.^55^+ 25 i.hiiss 
«5 1.U5148 20 1.UU80 
80 1.u5u1 15 1.hu76 
75 1.^53^ 10 1.uu71 
70 i.u528 5 1.uu67 
65 i.u523 0 1.1+h63 
60 i.u518 
55 i.u513 
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Reaulta 
The data oolleoted during the hydrogenatlon of cottonseed oil, 
which contained 0,00, 0.01, 0.02, 0.05 aJiA- 0.10 percent triehloroethy­
lene are shown in Table 9 and in Hg. 15. ^'ig. l6 was plotted from 
these data and the corresponding iodine values from Pig. lU, The curves 
in Pig. 15 and Pig. l6 indicate that the more trichloroethylene added, 
the leas the hydrogen absorbed by the cottonseed oil. In other words, 
trichloroethylene has a poisonous effect on the nickel catalyst 
proportional to the amount added. At 0.01 percent trichloroethylene, 
the hydrogenatod process was nearly halted. However, data listed on 
Table 10 and the curve plotted on Pig. 17 show that there was no differ­
ence among the cases in which the oil was refined and bleached after 
the addition of 0.02 and 0.05 percent trichloroethylene to the crude 
hydraulic cottonseed oil, and the crude oil to vdxich no trichloroethy­
lene had been added. Apparently the trichloroethylene was removed by 
the process of refining, washing, drying and bleaching before hydrogena-
tion. 
Disousaion 
Toxic effeotBto the nickel catalyst due to the presence of 0.01, 
0.02, 0.05 aiio- 0.10 percent of trichloroethylene in the cottonseed 
oil during hydrogenation were fouhd, Hov/ever hydrogenation of crude 
hydraulic pressed cottonseed oil to which 0.02 and 0.05 percent by 
weight of trichloroethylene was added prior to refining, washing, drying 
and bleaching resulted in the same refractive index drop as the cottonseed 
~6^i~ 
701)10 9 
Refractive Indices, at 60°0. of Hydrogenated 
Cottonseed Oil Containing Various Amounts of 
trichloroethylene 
Time Percent Trichloroethylene 
In Hr. ' _ 0.00 0.01 0.02 0.05 0.1 
0.0 1.U5U5 I..U5U5 I.U5U5 1.u5u5 1.451+5 
0.5 I.I15U2 I.U5U3 I.U5UU l,U5UU I.u5u5 
1.0 l.usuo I.u5ui I.u5u2 I.u5u3 1.^5^5 
1.5 l.U53g I.u5u0 I.u5u1 I.u5u2 I.u5u5 
2.0 1.U537 1.1^5395 I.u5u0 I.u5u1 I.u5uh 
2.5 1.1^535 1.1^539 I.u5u0 I.u5u1 I.45UU 
3.0 1.^533 1.^53^5 . 1.^539 I.u5u0 I.u5u3 
Table 10 
Eefractive Indices, at 60°0. of Hydrogenated 
Cottonseed Oil Which was Made from Crude Oil 
Containing Various Amounts of Trichloroethylene 
Time Percent Trichloroethylene 
in Hr. fiatS O-Q*? 
0.0 1.1+5u8 1.u5u8 1.u5us 
' 0.5 i.u5h6 i.u5u6 i.i+5u6 
1.0 l.usifu 1.u5uu 
1.5 1.u542 1.u5u2 1.u5u2 
2.0 i.i+5u0 i.u5i10 l.u5^ 
2.5 I.u53s I.u538 l.U53fif 
^.0 iji526 ljt536 
o /.o 
h^dt-ogeriqf-i'on 7'/y**e ^ hours 
fig. is hydrogenat/on tjme vs. j^bpractiye la/oe^ for cottonseed 
oil co//taining various percentages of trichlorothylene 
90 
86 
o.io% 
I.V. 
78 
70 
O t.o / .£•  OS i.o 
hyefroq^no'^ion tt'tytt , hours 
ptg.ls hydrogeajatton time us. todjn£ l^alub po/^ cqttoaiseed 
oil containing various percej^tagbs op trtchlonoethyl£j^e 
/.4S4S 
i.4s44 
N. 
60 
J.4S40 
/.4Sia 
* o 0.0£^ Trichloro^thnjlene wo3 Qc/tfecf /o CfuUn h^^rouh'c 
pf^^sed co^ons^fsdai'i J^cfo^c nefi'nt'ng 
^ O OS% /'r-/c>)/0/-0</Ay/tf^e »V05 oc/c/ec/ tO cude hydrau/t'^ 
pfdSfd cof*onseed o*i tyrfore 
O f/o fri'c.hii^roe^hi^l^ne *va5 addad i^cruxJc >>yc/row*//c 
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y> 
i 
m 
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os 2.S B.o f.o hS 2.0 
h^e/fo^ttnoh'ort tt'me ^ hours 
F/G. /7 hydrogenat/on time ys. refractive imoe;>{ for cottonseed oil 
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oil to which no trichloroethylene was added before proceaalng. This, 
apparently, shows that the trichloroethylene was removed by refining, 
warfiing, drying and bleaching. Since the commercially stripped soybean 
oil contains only 10-50 p.p.m. which is equivalent to 0.001-0.005 
percent of trichloroethylene and since refining, washing, drying and 
bleaching are the necessary steps in processing before hydrogenation, 
therefore cottonseed oil produced by trichloroethylene,extracted itt 
the same equipment as soybean oil, should hydrogenate satisfactorily. 
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COUCLUSIONS 
1. The determination of boiling points of trichloroethylene 
cottonseed oil misoella is easily carried out at constant composition, 
while the boiling points are recorded each time as pressure varies. 
2. It is necessary to circulate ice water in the reflex conden­
ser so as to condense the solvent as qxdckly as it comes in contact 
with the condenser. 
3. The composition of miscella in the boiler can be changed 
easily by vaporization, when the miscella composition is greater 
than 70 percent oil by weight. Below this concentration oil may be 
added to increase the oil content to a higher percentage. 
U. The composition of miscella can be quickly determined by 
Westphal balance at constant temperature. 
5. The vapor pressure curves of trichloroethylene cottonseed 
oil mixture can be used in the design of the rising film evaporator 
and the stripper for trichloroethylene extraction plants. 
6. Official A. 0, C. S. refining procedure shoxild be modified in 
applying it to trichloroethylene extracted cottonseed oil. The 90 
minute, Instead of 1^ minute, cold stir should be used. Before pour­
ing the refined oil from the refining cup, the oil should be cooled by 
0 
cold water at a temperattire aroiind 10 0,, otherwise soft foots would 
result. Once the oil In the refining cup has been drained, no more 
oil can be obtained by remeltlng and rechllling the foot. 
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7. Firm foots can be obtained by refining trichloroethylene 
extracted cottonseed oil. This apparently is due to the presence of 
gossypol, which helps the refining. 
S. Both rsfined and bleached trichloroethylene extracted cotton­
seed oil will be decolorized by aging. 
9. In case of high free fatty acid content of trichloroethylene 
extracted cottonseed oil, a stronger lye is better than weak lye. 
However, more refining loss will result, but a much lighter oil will 
be Tjroduced. 
10. Trichloroethylene extracted cottonseed oil niscella shoxild be 
processed as soon as possible, and the crude cottonseed oil should be 
refined shortly after the oil comes from the stripper. It is always 
a good policy to store refined cottonseed oil instead of the crude oil. 
11. Dark oil obtained from processing trichloroethylene extracted 
cottonseed oil is mainly due to over-heating. 
12. The optimum operating temperature during processing is 150®?.^ 
above >;hich both refining loss and oil color increase rapidly. The 
higher the teapsraturs applied, ths higher will bs the refining loss 
and the dark the oil color. 
13. A sli^tly improved oil color with no change of refining loss 
results if the trichloroethylene extracted cottonseed oil miscella is 
o 
processed at a temperatvire below I50 P. 
lU. In order to ^^void excessive heating, above 150®F., during 
processing the miscellas, the flash cheraber should be maintained at 
an absolute pressure of 1.5 in. %. At this reduced pressure and a 
-73-
temperature of 150°!'., the concentrated mlscella ftom the flash 
chamber will have a composition of 90 percent oil by weight. At the 
same time the stripping column should bo operated at an absolute 
pressure of 6-7 so as to keep the stripping steam having a 
0 
temperature not over I50 P. 
15. Since oil from high free fatty acid content cottonseed was 
successfully processed to give a prime cottonseed oil, better oil 
would be expected from low free fatty acid content cottonseed. 
16. Trlchloroethylene is toxic to the nickel catalyst during 
hydrogenation. The degree of toxicity Increases as the amount of 
trlchloroethylene in the oil increases. 
17. If aa much as 0.1 percent trlchloroethylene la present in 
the oil, hydrogenation is nearly halted. 
18. Trlchloroethylene in quanti^Ues of 0.03 and O.O5 percent in 
the cottonseed oil can be removed by the process of refining, waging, 
drying and bleaching before hydrogenation. 
19. Since the refining, hot water washing, drying and bleaching 
are the necessary stops before the hydrogenation, 3^-50 p.p.m. of 
trlchloroethylene (amounts commonly present in trlchloroethylene 
extracted soybean oil) In the stripped cottonseed oil will be removed 
before hydrogenation, resulting in no toxic effects on tlie nickel 
catalyst. 
20. Extraction of cottonseed oil using trlchloroethylene aa a 
solvent can be operated successfully, as well as the extraction of 
soybean oil. Zn order to reduce the residual oil content in the 
-7^1-
raeal "below 1 percent, it may be necessary to firnt prepress the cotton­
seed before extracting. Since trichloroethylene can extract the gossypol 
from the cottonseed meal, a free goeaypol cottonseed meal will be 
produced. Ilils is an advantage over the hexane solvent extraction, 
which d0f?s not extract the gossypol from the cottonseed. 
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